CDP-diacylglycerol synthase, phosphatidylinositol synthase, and phosphatidylinositol kinase activities were associated with post-Golgi apparatus secretory vesicles destined for the plasma membrane of Saccharomyces cerevisiae. These results suggest that the plasma membrane is capable of synthesizing both CDP-diacylglycerol and phosphatidylinositol as well as phosphorylating phosphatidylinositol.
The response of eucaryotic cells, including the yeast Saccharomyces cerevisiae (27) , to external signals is mediated by the turnover of phosphatidylinositol and its phosphorylated derivatives, phosphatidylinositol 4-phosphate and phosphatidylinositol 4,5-bisphosphate (4) . Polyphosphoinositide formation and breakdown are localized in the plasma membranes of animals (4) and S. cerevisiae (20, 27) . However, the resynthesis of phosphatidylinositol by the enzymes CDP-diacylglycerol synthase and phosphatidylinositol synthase has been thought to be confined to the endoplasmic reticulum, mitochondria, and nuclear membranes (4, 22) . It has been suggested that newly synthesized phosphatidylinositol is transported from the endoplasmic reticulum to the plasma membrane by phospholipid transfer proteins (10) (11) (12) . Recently, however, phosphatidylinositol synthase activity was measured in plasma membranes isolated from GH3 pituitary cells (18) . In the present study, we showed that in S. cerevisiae, CDP-diacylglycerol synthase, phosphatidylinositol synthase, and phosphatidylinositol kinase are localized in purified secretory vesicles destined for the plasma membrane.
Our studies were facilitated by the use of strain NY17 (MATa ura3-52 sec64), a sec64 temperature-sensitive mutant that accumulates post-Golgi apparatus secretory vesicles at the restrictive temperature (28) . These vesicles contain proteins destined for the plasma membrane (6, 28) and are required for membrane growth in S. cerevisiae (25) . Secretory vesicles can be highly purified from the spheroplasts of temperature-shifted sec64 mutants (28) . Unlike plasma membrane preparations from S. cerevisiae (5, 26) , purified secretory vesicles from sec64 mutant cells are not significantly contaminated with endoplasmic reticulum membranes (28) . sec64 mutant strain NY17 and the parent wild-type strain NY13 (MATa ura3-52) were grown to the mid-exponential phase in 1% yeast extract-2% peptone-2% glucose medium at 25°C (28) . Cells were transferred to 1% yeast extract-2% peptone-0.2% glucose medium prewarmed to 37°C and were incubated at this temperature for 2 h. Spheroplasts were prepared from the temperature-shifted cells in buffer containing 1.4 M sorbitol and were lysed by transfer to buffer containing 8 M sorbitol (28) . Microsomes were prepared from spheroplasts of wild-type and sec64 mutant cells by differential centrifugation (28) . Secretory vesicles were purified from microsomes derived from sec64 mutant cells by Sephacryl S-1000 gel filtration chromatography as described by Walworth and Novick (28) . The purification of secretory vesicles was monitored by the measurement of invertase activity (16) . The contamination of endoplasmic reticulum membranes in the purified secretory vesicles was assessed at less than 1% by using NADPH cytochrome c reductase activity (13) as an endoplasmic reticulum marker (28) . CDP-diacylglycerol synthase (21), phosphatidylinositol synthase (14), phosphatidylinositol kinase (3), and phosphatidylserine synthase (1) activities were measured as previously described. Protein was determined (7) with bovine serum albumin as the standard. CDP-diacylglycerol synthase (21) , phosphatidylinositol synthase (15) , and phosphatidylserine synthase (24) subunits were identified by immunoblot analysis with specific antibodies to each enzyme.
The activity of the enzymes involved in phosphoinositide synthesis was measured in microsomes derived from wildtype and sec64 mutant cells ( Table 1 ). As previously described, CDP-diacylglycerol synthase (21), phosphatidylinositol synthase (14) , and phosphatidylinositol kinase (3) activities were found in microsomes derived from wild-type cells. The specific activities of each of these enzymes were not significantly different in microsomes derived from temperature-shifted sec64 mutant cells (Table 1) . Secretory vesicles were purified from microsomes derived from sec64 mutant cells, and the biosynthetic enzyme activities were measured. CDP-diacylglycerol synthase, phosphatidylinositol synthase, and phosphatidylinositol kinase activities were found in the purified secretory vesicles. The specific activity of CDP-diacylglycerol was 5.5-fold greater in secretory vesicles than in microsomes (Table 1) . Phosphatidylinositol synthase and phosphatidylinositol kinase activities were not significantly enriched in vesicles as compared with microsomes derived from sec64 mutant cells (Table 1) . Immunoblot analysis confirmed that the CDP-diacylglycerol synthase 56,000-and 54,000-Mr subunits (21) were associated with microsomes and purified vesicles derived from sec64 mutant cells (Fig. 1 ). There was a qualitative enrichment of the CDP-diacylglycerol synthase subunits in the purified vesicles consistent with the enrichment of CDP-diacylglycerol synthase specific activity. Immunoblot analysis also confirmed the presence of the phosphatidylinositol synthase 34,000-Mr subunit (14) in purified secretory vesicles from mitochondria and microsome fractions of S. cerevisiae (22) . This enzyme is not involved in phosphoinositide biosynthesis (8) and was used as a control. Phosphatidylserine synthase activity was found in microsomes derived from wildtype and sec64 mutant cells but was not found in secretory vesicles derived from sec64 microsomes (Table 1) . In addition, the phosphatidylserine synthase subunit was not detected by immunoblot analysis in purified secretory vesicles (data not shown). These results along with the NADPH cytochrome c reductase activity measurements confirmed that our secretory vesicle preparation was not significantly contaminated with endoplasmic reticulum membranes. Secretory vesicles are required for plasma membrane assembly (6, 25) and contain plasma membrane-associated proteins such as ATPase (6) . The vesicles do not contain endoplasmic reticulum-associated proteins such as NADPH cytochrome c reductase (28) . Therefore, the association of CDP-diacylglycerol synthase and phosphatidylinositol synthase with the secretory vesicles supports the notion that the plasma membrane in S. cerevisiae is capable of synthesizing both CDP-diacylglycerol and phosphatidylinositol as well as phosphorylating phosphatidylinositol. The main site of CDPdiacylglycerol synthesis in S. cerevisiae is the mitochondria (21, 22) . About 20% of CDP-diacylglycerol synthase activity is associated with microsomes (21) . The activity of this enzyme, unlike that of phosphatidylinositol synthase and phosphatidylinositol kinase, was enriched 5.5-fold in the secretory vesicles as compared with the microsomes of sec64 mutant cells. This observation suggests that the CDP-diacylglycerol synthase activity in microsomes is contributed mainly by plasma membrane-associated activity.
Phosphatidylinositol is rapidly phosphorylated and hydrolyzed during a signal response in S. cerevisiae (9, 19, 27) and in higher eucaryotes (4) . The rapid synthesis of phosphatidylinositol may be necessary to maintain a steady-state concentration of this essential membrane phospholipid in S. cerevisiae (2, 17, 23) . This study supports the notion that phosphatidylinositol synthesis via CDP-diacylglycerol synthase and phosphatidylinositol synthase may occur in the plasma membrane. This study does not rule out the necessity of participation of intracellular organelles or the requirement of a phosphatidylinositol transfer protein (10) (11) (12) 
